The aim of this work is to search for a new heavy Higgs boson in the B-L extension of the Standard Model at LHC using the data produced from simulated collisions between two protons at different center of mass energies by Monte Carlo event generator programs to find new Higgs boson signatures at the LHC. Also, we study the production and decay channels for Higgs boson in this model and its interactions with the other new particles of this model namely the new neutral gauge massive boson B L -Z ′ and the new fermionic right-handed heavy neutrinos ν h .
Introduction
The minimal B-L extension of the Standard Model obeying the structure SU(3) C × SU(2) L × U(1) L × U(1) B-L gauge symmetry in which the SM gauge has a further U(1) B-L group related to the Baryon minus Lepton (B-L) gauged number [1] [2] (see Table 1 ). The minimal B-L model is defined by the condition 1 g′ which implies no mixing between the B L -Z ′ and SM Z gauge bosons. The fields' charges are the usual SM and the B-L one where B-L = 1/3 for quarks and −1 for leptons with no distinction between generations hence ensuring universality. The B-L charge assignments of the fields as well as the introduction of a new fermionic right-handed heavy neutrinos and a scalar Higgs field with charge +2 under B-L are designed to ensure the gauge invariance.
The Standard Model is based on one complex Higgs doublet consisting of four degrees of freedom, three of which, after spontaneous Electro-Weak Symmetry Breaking turn out to be absorbed in the longitudinal polarization component of each of the three weak gauge bosons W ± and Z. The fourth one gives the physical Higgs state. Minimal extension of the B-L model consists of a further U(1) B-L gauge group in addition to the SM gauge structure, three right-handed neutrinos and an additional complex Higgs singlet which is responsible for giving mass to an additional B L -Z ′ new gauge boson. Therefore the scalar sector in the B-L model consists of two real CPeven scalars that will mix together. B-L model breaking can take place at the TeV scale far below that of any Grand Unified Theory.
In the next section, we will present production cross sections, Branching Ratios and decay widths for Higgs bosons SM-like Higgs (light Higgs) H 1 and extra Higgs (heavy Higgs) H 2 by analyzing the data produced from simulated collisions between two protons at different center of mass energies by Monte Carlo event generator programs. Also, we find the independent physical parameters of the Higgs boson in the minimal B-L extension of the Standard Model: 1) Higgs bosons masses M H1 , M H2 and the scalar mixing angle α. Masses and couplings which depend on the Higgs mixing have been tested against the experimental limits obtained at the Large Electron-Positron (LEP) collider and at the Tevatron.
2) g′ the new U(1) B-L gauge coupling.
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4) α = 0 is the decoupling limit with H 1 behaving like the SM Higgs. The fermionic and kinetic sectors of the Lagrangian in the case of B-L extension [3] is given by:
And
is the field strength of the U(1) B-L . The Higgs and Yukawa sectors of the Lagrangian are given by
Where , and 
That is the electroweak symmetry breaking scale v and ( )
is the B-L symmetry breaking scale v′. After the B-L gauge symmetry breaking, the gauge field C µ which is the new neutral massive gauge boson Z′ acquires the following mass: The mixing between the two Higgs scalar fields, the SM complex SU(2) L doublet and complex scalar singlet is controlled by the coupling λ 3 .
For positive λ 3 the B-L symmetry breaking scale v′ becomes much higher than the electroweak symmetry breaking scale v. In this case the SM singlet Higgs φ and the SM like Higgs χ are decoupled and their masses are given by
For negative λ 3 the B-L breaking scale is at the same order of the electroweak breaking scale. In this scenario, a significant mixing between the two Higgs scalars exists and can affect the SM phenomenology. This mixing can be represented by the following mass matrix for φ and χ:
Therefore, the mass Eigen states fields H 1 and H 2 are given by 
Where the mixing angle θ is defined by 
Results
We will present the results of simulation to discover the two Higgs bosons at LHC, the light . First, we will present the results of production cross section for the two Higgs bosons of B-L model by two methods, SM production mechanisms method and B-L model production mechanisms. Secondly, we will present different branching ratios for both the light Higgs bosons H 1 and the heavy Higgs boson H 2 [8, 9] . Also we will study some decay channels for heavy Higgs boson which depend on the scalar mixing angle α and finally we will present the total width for different mixing angles. Figure 1 shows the normal methods for the production cross section for the SM processes as gluon-gluon fusion, vector-boson fusion W and Z, top associated production and Higgs-strahlung with scalar mixing angle zero. the gluon-gluon fusion mechanism. The next relevant contribution is given by the Higgs production in the weak vector boson mechanism. This contribution is at the level of a few fb, as estimated above. Furthermore, the production associated with Z/W is dominant over the production associated with Z′.we analyze the production of the heavy Higgs. It turns out that its cross sections are smaller than the light Higgs ones. The light Higgs scenario, the production associated with Z' is dominant over the Production associated with Z/W in agreement with our previous prediction.
Production Cross Section Mechanisms

Standard Production Mechanisms
Non-Standard Production Mechanisms
B-L model has new particles as Z B-L heavy new gauge boson, three fermionic heavy neutrino right-handed [10] [11] [12] in addition to two Higgs bosons. These particles interact with the scalar field in the B-L model and a new mechanism will follows rather than the standard production mechanism. ( ) Figure 5 shows the decay of a heavy neutrino into a Higgs boson according to the interaction
The interaction requires pair produced heavy neutrinos. This mechanism has the advantage that the whole decay chain can be of on-shell particles, besides the peculiar final state of a Higgs boson and a heavy neutrino. To maximize this mechanism we choose the mass of Z B-L = 1 TeV, 1 0.1 g′ = and the mass of v h = 200 GeV. 
Branching Ratios
Now we will discuss all two body decay channels of Higgs boson and branching ratios for each channel. Higgs bosons by using MadGraph5 and the Pythia8 event generator. The light Higgs boson has 12 decay channels. It has a new decay channel which is the heavy neutrino channel and we assume here the mass of heavy neutrino to be 50 GeV. Also we used a fixed scalar mixing angle α = 5π/20. We note that the decay channel of light Higgs to bottom-antibottom quarks initially has the highest branching ratio value at small value of heavy neutrino mass. We also note that when the mass of light Higgs begins to increase the decay channel of the light Higgs to pair of charged vector bosons W becomes the dominant branching ratio. Another decay channel which follows that is, The SM neutral vector boson decay channel. So from any of these channels one can get 4 leptons in the final state plus missing energy from ZZ decay or WW decay. In this case we can detect the light Higgs at LHC through these channels. Also in the case of the B-L model the decay of light Higgs into two heavy neutrino pairs is a very important signature besides being an interesting feature of the B-L model at LHC. boson pairs follow a simple cot α behavior. 
Decay Width
The Higgs particle tends to decay into the heaviest gauge bosons and fermions allowed by the phase space. The Higgs decay modes can be classified into three categories: Higgs decays into fermions, Higgs decays into massive gauge bosons, and Higgs decays into mass less gauge bosons.
The decay widths into fermions are directly proportional to the H → f f couplings:
( ) ( ) ( ) total width of H 1 which increase it. From the above Equations, one finds that all decay widths of the light Higgs are proportional to cos2θ, except the new decay mode of Z′. Furthermore, this channel has a very small contribution to the total decay width. Therefore, the light Higgs branching ratios (the ratios between the partial decay widths and the total decay width) have small de-pendence on the mixing parameter θ. Thus, it is expected to see no significant difference between the results of the light Higgs branching ratios in this model of B-L extension and the SM ones. On the other hand, the heavy Higgs branching ratios have relevant dependence on θ.
Conclusion
We have simulated the production and decay of the two Higgs states in B-L model at LHC at different energies using MC programs MadGraph 5, Pythia8 and CalcHEP. We calculated the production cross section of light and heavy Higgs by using normal methods of Standard Model and new methods of B-L model and we found that the heavy Higgs had relatively small cross sections but it was accessible at LHC. Also, we presented all possible decay channels for light and heavy Higgs states and their branching ratios, the total width for each state and focused on new decay channels of heavy Higgs boson in the B-L model into a pair of heavy neutrino or pair of new gauge boson where the new heavy Higgs could be detected at LHC using one of these channels.
